[Ctfr&0xj;-14C]-3-ammo-5-hydroxybenzoic acid (AHBA) has been shown to be incorporated by Streptomyces spectabilis to the extent of greater than 0. 1 %(35 : 1 dilution) in the ansamycin antibiotic streptovaricin C, the major componentof the streptovaricin complex. When[carboxy-i3C]AHBA was similarly administered, C-21 (quinone methide carbonyl at 188.3ppm) of streptovaricin C was specifically labeled (at twenty one times natural abundance). In preparation for the 13C incorporation study the 13C NMR spectrum of streptovaricin C was investigated, making extensive use of short-and long-range HETCOR. These assignments revise some of those proposed earlier for streptovaricin C.
and was fed to Streptomyces spectabilis at 84 hours after inoculation. At 7 days the antibiotic was harvested and the major component was isolated and purified by reversed-phase medium-pressure liquid chromatography (MPLC), followed by normal phase gradient elution HPLC.A total of 0.48 mg of radiochromatographically pure material was thus obtained. One-half of this sample (0.24mg) was found by liquid scintillation counting to have an activity of 0.24 nCi (530 dpm after background subtraction, 0.05% incorporation, 0.77^Ci/mmol). An incorporation of at least 0.1% (i.e., 0.05% for one-half of the isolated material, plus more unisolated material) and a dilution factor of 35 (ratio of specific activities of the precursor to product, i.e., 26.9/0.77) was thus established in this one component, which was found to be streptovaricin C by FAB-MS(m/z 770, M +H) and TLCanalysis. Although the total radioactivity of the product is low, the incorporation indicated that resonances of streptovaricin C could be discerned after accumulation of 84,000 transients. A 1.2-mg sample of this labeled material was diluted with 9.3 mg ofunlabeled streptovaricin C (10.5 mg total, ll.4% labeled material, 9-fold dilution), and a 13C NMRspectrum of this material was acquired. The spectrum showedan enrichment factor of 2.3 (the ratio of the absolute intensity of the 188.3-ppm signal in the labeled sample relative to a natural abundance sample, normalized to the 0-methyl 13C signal at 52.0 ppm). Extrapolating to the sample of undiluted [1 3C]streptovaricin C, this 2.3-fold signal enrichment for the C-21 carbonyl resonance translates to an overall enrichment factor of 21 (i.e., 9 x 2.3=21). Anestimate of the incorporation rate was made as follows. Because 13Coccurs naturally at a rate of 1.1%, a 21-fold enrichment factor in the 13C NMRspectrum corresponds to (approximately) 20% of the molecules in the sample bearing a label derived from the added precursor. Thus, of the 3.1 /rniol of streptovaricin C isolated (2.4mg, MW769), 0.62/zmol (3.1 x0.20) of the compound was labeled by [carboxy-13C]AHBA. Since 640 /imol of 13C label was added, the approximate incorporation rate would be 0.62/640, or 0.097%. This result is consistent with the feeding experiments involving [carboxy-14C]-AHBA, which was incorporated at a rate of 0.1%. These 13C data again indicate that AHBA is a definite, specific precursor for the meta-C7Nunit of the streptovaricin chromophore.
The poor incorporation rate of AHBA into the streptovaricins is somewhatsurprising in view of the exceptional incorporations of the same precursor into geldanamycin (57%)3) and rifamycin S (10%). 12) This result is in large measure due to the poor yield of purified streptovaricin from the culture broths (approximately 1% that of geldanamycin on a molar basis). However, the low dilution factor of 35 for [carboxy-14C]AHBAincorporation and the strong enrichment factor of 21 for streptovaricin C from incorporation of [carboxy-13C]AHBA indicate a direct metabolic role for AHBAin the biosynthesis of streptovaricins.
The biosynthetic origins of the ansa chain and chromophore of the streptovaricins, derived from acetate, propionate, methionine, and AHBAprecursors, are indicated in Scheme l.13'14) *H and 13C Assignments of Streptovaricin C The previously reported spectral assignments for the streptovaricins1 5'16) were based on a comparison of the spectra of the various streptovaricin components and their degradation products and involved a number of ambiguous assignments. Wehave re-examined the XHand 13C NMRspectra of streptovaricin C using 2D high-field NMRexperiments and can now provide unambiguous assignments for all of the proton signals and for 36 of the 40 carbon signals.7) Based on the known structure of streptovaricin C,17'18) our presently reported spectral assignments were made from chemical shift and coupling arguments and are summarized in Tables 1 and 2 . The *H NMR spectrum was assigned after analysis of extensive homonuclear decouplings and COSY,and the observed coupling connectivities are summarized in Fig. 1 . Starting with the easily identified olefinic protons for 3-H, 4-H, and 5-H, a complete connectivity for the ansa chain, including appended methyl groups, could be established from C-3 to C-10. A smaller fragment involving either C-ll/C-12 or C-12/C-13 was also noted, although a firm assignment could not be madeat this stage for these resonances. Ambiguities at this point existed among the methyl protons (all singlets) at 1.93, 1.99, 2.20, and 2.26ppm, and between the methine protons at 3.52 and 4.04ppm {i.e., ll-H and 13-H). All of these ambiguities were ultimately The 13C NMRassignments for many of the ansa chain carbons {e.g., C-3 to C-10 and the attached methyl groups) were made directly by analysis of the short-range heteronuclear correlation spectra in combination with the *H NMRassignments discussed above. The remaining resonances were assigned by chemical shift arguments (as, for example, in the case of the methylenedioxy and quinone carbonyl carbons or C-18 vs. C-27) and from analysis oi the long-range heteronuclear correlations. The long-range correlations resolved the discrepancy in the 1 1-H/13-H assignment noted above: a strong correlation was observed between the C-14 methyl protons (1.09ppm) and the C-13 carbon (74.2ppm), which in turn showed short-range correlation with the 13-H proton resonance (3.52ppm). By default, therefore, the ll-H resonance must be at 4.04ppm, and C-l l at 70.7ppm. Hence, a complete assignment for the remaining part of the ansa chain (from C-ll to C-16, including the appended methyl groups) can be made. Similarly, a combination of long-range correlations permitted the unambiguousassignment of the majority of the resonances associated with the aromatic chromophore.
All of the relevant short-and long-range correlations discussed above are summarized in Fig. 2 . In the final analysis, a number of minor differences from the previously reported carbon assignments were found, but these involved simple reversals of six pairs of resonances (C-2a and C-16a; C-6a and C-14a; FEB. 1991 Proton shifts are shown as (S ppm), carbon shifts as S ppm, and weak correlations as (?). The C-l and C-l7 assignments may be reversed. The C-23 phenolic hydroxyl resonance was observed as a "fold-over peak" at 5.7ppm (actual chemical shift~1 1.5 ppm).
C-6 and C-8; C-ll and C-13; C-20 and C-22; and C-24 and C-25). Several of these reversed assignments had indeed been noted to be interchangeable at the time of the original assignments.15) Thus, these present results are an extension of, as well as an independent corroboration of, those earlier results.
Experimental
General Methods 1H 'and.13C NMRspectra were obtained on a Nicolet NT-360 or a General Electric GN-500 Heteronuclear correlation spectra were obtained on the GN-500 with the software supplied by the manufacturer (CSCM and CSCMLR), with selection for a long-range coupling constant of 10Hz (2~3./H_c= 10Hz). FABmass spectra were obtained on a VGZAB-SEspectrometer in dithiothreitoldithioerythritol matrix ("magic bullet"), 19 ) operating in the positive-ion mode with an Ion Tech fast atom gun and xenon atoms (8 keV Culture Conditions All media were sterilized by autoclaving at 120°C for 20 minutes. Precursors were administered in either water or 70%ethanol -water and sterilized by filtration through 0.2-^m filters (Difco Biologicals). S. spectabilis (UC-2294) was provided by Miss Alma Dietz, The Upjohn Company, Kalamazoo, Michigan.
The organism was maintained on soil stocks and on MTMediumagar slants. Incubations were conducted in 500-ml wide-mouthed Erlenmeyer flasks containing 100 ml of culture media in a NewBrunswick rotary incubator at 250 rpm. Seed cultures were inoculated from the agar slants by transferring a loopful of cells to 100 ml of medium A and incubating at 32°C for 48 hours. Production cultures were prepared in medium B by inoculating with 5% of seed culture and incubating at 30°C for 5~7 days.
MT Medium: Maltose (1.0%), tryptone (Difco, 0.5%), K2HPO4 (0.1%), NaCl (0.1%), a trace of FeSO4-7H2O, and agar (1.5%) in distilled water.
Medium A: NZ-Amine B (2.0%), glucose (1.0%), K2HPO4 (0.25%), KH2PO4 (0.15%), and soy sauce (1.0%) in tap water. Medium B: Kay Soy (Archer Daniels Midland, 2.0%), corn dextrin (Pfanstiehl, 4.0%), brewers yeast (0.25%), KC1 (0.3%), and CaCO3 (1.2%) in tap water.
Isolation of Streptovaricins
The mature production culture was filtered through Celite, and the filter cake was washed with two 0.2-volume of water. The filtrate was acidified with 2n sulfuric acid to pH4.6 and extracted with ethyl acetate (three 0.5-volume). Emulsions were broken by the addition of ethanol or brine, or by refiltration through Celite. The combined organic layers were washed with water and brine, then dried (Na2SO4). 
